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(54) ROLLING BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rolling 
bearing in which indentation is hard to occur in a 
raceway surface, wear resistance is improved, 
furthermore, the structural change in the 
process of rolling fatigue is suppressed, the 
coarsening of crystal grais at the time of « 
quenching can be suppressed, having a long > 
service life and high reliability even in the case - 
of being placed under foreign matter- intruded 
lubrication, and furthermore under purified 
lubrication, and, in which corrosion pitting 
(including hydrogen induced cracking) is hard to 
occur even in the conditions under the 
generation of corrosion pitting caused by the 
infiltration of water. 

SOLUTION: At least one among a fixed ring, a 

rotary ring and a rolling element is composed of a steel having a compsn. contg., 
by weight, 0.65 to 1.20% C, 0.05 to 0.70% Si, 0.2 to 1.5% Mn, 0.15 to 2.0% Or and 
0.01% N with inevitable impurity elements and at least one kind among Ti, Nb and 
Al by 0.05 to 0.40% and in which at least one among Ti carbides, Ti carbonitrides, 
Nb-carbides, Nb carbonitrides and Al nitrides having 50 to 300 nm average grain 
size is dipsersedly precipitated into at least the vicinity of the surface. 




0 50 00 200 300 400 500 S00 700 8G0 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision 

of rejection] 



28.10.2002 



http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAA6gaq_DDA41 1080897P1.... 07/02/14 



<19)B*WMW- (JP> 02) & H # 1^ 3^ W (A) 



l&M^l 1-80897 

(43)&HB *«ll^(199B)3fl26B 



(51)Inta. 6 
C 2 2 C 38/00 
38/28 
F 1 6 C 33/32 
33/62 



30 1 



F I 

C2 2C 38/00 
38/28 

F 1 6 C 33/32 
33/62 



3 0 1 Z 



*gS# St*^<Dftl OL (^9 1) 



(21)tHK## 


««PF9 -239642 


(71)ffllSA 


000004204 










(22)a«H 


¥J£9*JM1997) 9 M4B 




^3Kffia;n K^e i t s 6 # 3 # 






(72)fB9i# 
























<74)ttSA 





(54) BHIi0««N te^DlftS 



(57) mm 

tT^*#^*5^T4>JB*tr y ^^^ (zK*RiS«iv& 
tf) S:ecur<^*#*©e*S9«g«r»«i-S. 

S^lis HHEtt. 6t*©5%©'>4< fct 
— O^ v lttfct-C = 0. 6 5 — 1. 20%, Si = 
0. 0 5 — 0. 70% Mn = 0. 2 — 1. 5%, Cr 
= 0. 15 — 2. 0%, N^O. 0 1 %SfetMw^TiBtt 
3F*B«B7C***#i-5 fc <b ttw, T i , N b , A 1 O 5 
V>^< tilllrO. 0 5-0. 4 0%$^ 
¥«SS* S 50nm-300nmWTi Ti^ 





300 




250 




200 


1— 






150 


O 








100 




50 




0* 
0 



TiC,NbCN,AIN ¥J9Kzg (nm) 



J 

I^fTti^o^S] 

[»** 1 ] mmmt mmm t ^ib«::«»0>»e«i*«: 

lelCflK (S»*0 9Wft< t fc— o*K gfiitT-C 
= 0. 6 5-1. 20%, Si=0. 05 — 0. 70 
%, Mn = 0. 2 — 1. 5%, Cr=0. 1 5-2. 0 
%, N< 0. 0 1 %3fet^»c3F RliBW^tt4fc7Ei*S:^*i- 
£&&fclw« Ti, Nb, A 1 V>4< i t lit 
0. 0 5 — 0. 4 0%^, *»0, T*ttSiS50nm 
-3 0 0nmfl)Ti»lft» TiffiSb^ NbjSHK 
«K NbKSm AlI»or^M<i:t)lo 

[0 0 0 1] 
[0 0 0 2] 

$^HRC6 0-6 3, m%*— XT-t^ ha*«*j5 
-1 5%fc LtftlStlT^S, 
[0 0 0 3] L^UfejPfe, «63fe, S^DttSliWSP 

W^iOtfLTHmzEBm QMS) i±C. i^fi^t LT 
[0004] ztit>(omm&)W9Zki,xtt rs»iiAft 

# i fed 5 9 S[*b£Mfrj (N S K J r^=^^JUi^'Y — -r^'N 
o. 6 5 5, pi 7 — 2 4, 1 9 9 3¥) (w^^ttT^ 

S^of, 

iT7L — *>-^iijgu eas0ftnfcffiTS*Ti^ 

[0 0 0 5 ] tS*Og»t LT#£:¥7- 1 1 0 9 8 8 



(2) &ffi¥ 1 1 -8 0 8 9 7 

2 

[0 0 0 6] *fcs 5 5 8 0 9 -fHH&tt* 

fiftitTC :0. 65 — 0. 90%, S i : 0. 15 — 
0. 5 0%, Mn : 0. 15-1. O.O %. C r : 2. 

0 - 5 . 0 %, N : 0 . 0 0 9 0 — 0. 0 2 0 0 %£r ; £ 
WtlfiSU, Al :0. 01O-0. 050 
%, Nb : 0. 0 0 5 — 0. 5 0 %<D o ^(D 1 M^ll 2 

70 «(Ofe««:BS±LTe»*ft*:±tf, Al, NbWN 

[0 0 0 7] #W9-5 3 1 6 9^lt 

CtO. 1 — 0. 2 5%. Si£:0. 2 — 0. 4 %, M 
n£0. 3 — 0. 9% s Cr£:0. 5 — 0. 9%tt 
U KIwN itO. 3—4. 0%, TitO. 01- 
0. 3%, Nb*0. 0 1-0. 3%. VS:0. 01 — 
0. 3%, ZrtO. 0.1-0. 3%C0 3*>^*< it 
ll^lt^ ISgftHv 6 5 0-8 0 0 

[0 0 0 8] 

[*B*s«HfcLi5i:t6WI] U&*b*3&*€>* 
fcl#«>£>»4*¥7- 1 1 0 9 8 8-%-<£mzm^£tifz 
ttg-Cttx C : 0. 3 — 0. 6lf%, C r : 3-14 

lijlM^LTTOMl«^tiT/^fcft, HMO: 

ffc*O¥J**MlJ& s 0. 5 — 1. 0 n mkXt^^fcltos £ 

30 [0 0 0 9] ±JfiLfc2#abO««l!¥5-2 5 5 

it, Etc, 3eKC r^J:SK*flC*^a«»«iab*l-J: 

9*»*ajio^tBSjhLre»»A*±*f. ai, 

[0 0 10] S fell, JtaSLfc3#fc<^«BB¥9-5 3 

1 5 0^«^Bfl^Stt^M*6ffl*T-tt. HUftKT i ^ 

[0011] ttg^W»«W6** s fPffl LfcS^T- 

f£ N H. Swahn^^b^ TMeta 1 lugi'cal 

Transactions A volume 7 
A, August (1976) 1099-1110, M 
artensite Decay During Co 
50 ntact Fatigue in Ball Bea 



-2- 



3 

r i ngj (D&L^iZ-Jt-btlv £ 0 ttSflilmT^)^ 

[0 0 12] £<bld. e^DttSliTK^fiAUfcS^O 
§NrM£T<£>^> Lt, J. A. C i r u r a h<0 fW 
ear, 24 (1973) 107-118, The E 
ffect of Hydrogen on the 
Rolling Contact Fatigue L 
ife of AISI 52100 and 440 
C Steel B a 1 1 s J \Z±Zb. 

Kffl{bi-5^«tHiit-e*)*. 

[0 0 13] *SSWtt±IB«lH*:»*i-afc«)^**i^ 
Cfc: < < / * fc* gft»A*f*Tf«> 9 "Cttft < 

[0014] 

flu B«fcHC»fc*nBlwa»^)B«iff«:E«Uril 

SKift0 5t,o^< t^-o^ lfJtt-C=0. 65 

— 1. 2 0%, Si=0. 0 5 — 0. 70%, Mn = 
0. 2 — 1. 5%, Cr=0. 15-2. 0%, 
0.01 %ttW(w^^3BW^«»5n*«r**-r* fc t> 
1^, Ti, Nb, A1^5V>4<ttll«:0. 0 5 

— 0. 4 0%t^ #>o N *Fi*KHlJ& s 5 0 nm — 3 0 0 
nm<^Tiga T-iHim NbM, Nbg 

[0 0 1 5] #»PKw*5^Tf** Ti, Nb, A 1 (O? 

t i> lffi£0. 0 5 — 0. 4 0%^DU ffl* 
^¥-*%fiL& 5 0 n m— 3 0 0 n m^T i mit%Q • fcmit 
Nb^tt • .A 1 Kfb««:««^^tk$ 

[0 0 16] £fc, fr»*s*±Lfc»*T*>oT 



(3) #IH¥ 1 1 -8 0 8 9 7 

[0017] k<\ZT\C t TiCN, NbC, NbC 
N, A 1 Ktet'nm'teft^n, Safa^^<7D®S^® 

70 V\ 4*3. glfflt^liC rRft^C rSIft*4if 

turn.) isu:-e*>s. 

[0 0 18] *«ACJ:5B4fyf^35tT 
T i C, TiCN, NbC, NbCN, AIN^WK 

[0 0 1 9] J^T, **WG>rtll. ^(tO«bgg3<7>3-fdc 
1 ) C ; 0 . 6 5-1.2 0% 

£>6 0 C^*** s 0. 6 5%^T(H)5<t> G*S?)ttSt 

2) S i ; 0. 05-0. 70% 

s i \-mmmt<r>m&, x^TJxttSrrpjis^ss* 

T-£>3 0 Sit#» s 0. 0 5%&TEhJ£ t«^>lfttt«Sf 
3gj^+#K:4 9, — rtt^O. 7 0°/o?:l@5i: 
J»IIiS#*L<«Ti-*. 

3) Mn ; 0. 2 — 1. 5% 

40 4 ) C r ; 0 . 15 — 2. 0 % 

C r ^Attfc«±S*AoWt«**fl:«:fflHlS*6 
tg*-C*>-5. Crtt*4<itO. 15%£JUt*rMTS 

5) Ti ; 0. 0 5 — 0. 4 0 % 

T i tt(B* «wT i «ft«*5J:tFT i «»b«0««-e» 

S&DTcfR-Cfc*. T i J±«EA^O^fite^fi* 

50 <bS:»WJ-t-5»**sfc5 % Sf,|:*»h7^t-<ht 



-3- 



5 

>x -trO#< ftl ^ mgll^T i mt®)RTfXteT i ft 
l^ilT^LT L£ 5 OT\ T i gHtft-^T i 

(TiN), (T i s) ttW&asiHtaU $&$:<nm 

6) Al ; 0. 05—0. 40% 

A 1 ttlftftA 1 Ni Lt»tl:Wi:d*L, 

«T*fc5. L^L, 0. 4 0%&jg;LT^*r 
&JRfrft«T-$>5 7Vi'$-J- (All Oj ) 

7) Nb ; 0. 05 — 0. 40% 

NbliAl fcW««OI*^*3l^TfSJBftWk* • 

bC, NbCN*t*^5fc«)l:ii0. 0 5%J£*±tf> 

L*»U 0. 4 0% 

#&ffi NbfttliO. 0 5 — 0. 

4 0%^Lf: e 

8) N ; 0. 0 1 %^T 

JK*TMfe* A 1 »b»oaiBl»»^J:5»1RWt»*ds 
Nf^O. 0 l%!:±(Hl5M^m^±^T 
iftSflSW* T i Sftft^fUJpL, 5 0nm — 3 0 0 n 

9) ^Ott^^pTiBn^ieMTBK 
P ^ 0 . 0 2 % 

2%<J: UfCo 

[0020] SSO. 02% 
=FpT»tt^>Mfc5c»0 5 -6 S tt, Kffl(lttt:rti±S^-57C 
*T-$>5*s. MnWT i itt-tf LTttS^feP!*** 

ffi£0. 0 2%£Lfc o 
[0 0 2 1] O^O. 0016% 

SffcS^T, t^±Pfitt*0. 00 16%tlfc. 
1 0 ) tff UfeaVftMHS ; 5 0 nm-3 0 0 nm 

nm-3 0 0nmOTiKftft*K8ft», N b £fcik%d 

• mmit®), a i »t«^5MRwaLTi^5rfc*5iK* 



(4) WBB 3 ? 1 1 -8 0 8 9 7 

6 

WWfttf>¥JSffiatf3 0 0 nm^rlx^S^ll tf^^ 

Ka^»b*t*< *<5o (U2li^i-J: 9 iz, JtEwflWW 
£b^<7}Sjij§$$g# 5 0 n m — 3 0 0 n m^Sl^bto 

[0 0 2 2] e bf-, ¥^i50nm-3 0 0nm^) 

70 t i t& • «»t», n b mt®> • m.mcm. a i a 

ik^li. 30/im 2 (3 M m 2 x 10*11?) fcfc 8 5 
[0 0 2 3] 

■r £o a i iwiiisw 1-20 Rxfttetm i-i5tu 

. *M£ (nm) Sr^n^tV^-r, ^ffi^lIl-2 0Ott^W 
20 1 SO^WlijS^T i, Nb, Al, N<0l^T*W&> 

[0 0 2 4] XlK«l&VJtttMo«i»Mtt^K U Sfcg 

<DmtttWlZ.&\,*Xs TifcS^ttNb, Al^hy 
^^^tr®*tii^^53tie), 1 1 5 0-1 3 5 0t^i£ 
LT»*Wb«ffll«rl6Ufc. ^^t, 8 5 0- 
9 5 OTCoaUC*-^*?) L*r*5rftV^3BWt<b*Mltr« 
T, T i C, TiCNfc5V>ttNbC, NbCN, Al 

[0 0 2 5] ^rcom, Hi£«OttK«-<7>*. 9 5 0-1 1 
5 0ro^«6(wTSS^P«a^t*DfRL, ?J*fiS5 0- 
3 0 0 nmOTiC, T i CN, NbC, NbCN, A 
lNi:«*Sfr ^*tffUS*fc. ^co^^ir^H^ft 

ihjuxu mummm (8 4otx-iSA«, 

[0 0 2 6] Jfctfem0MttNStt2fll (iSSrsuj 

2) Xth*). tt&W2,. 3^ij#W5-2 5 58 0 

40 tfeffl 4 , 5 9-5 3 1 5 0 -g-^«^|Bifeoa-«5f 

[0 0 2 7] TiC, TiCN, NbC, NbCN, A 
1 K<Dft&:ffim<DVmt LTlt fR^3«<att£fcSJ» 

TU:/y#«Hfc«:i5Cttofc. TiC, TiC 

N, NbC, NbCN, A 1 N^)»Bli, TEM(g|i© 

teA»i&t. edx (^***?-&mmxffi&ytm \z 

50 T U W8fi46t«:IKt:*»5fc 



—4- 



7 

l ffi^Sr 3^m 2 iU Ef<^ i 0 &g?i::ot«£S L 
- (^ff 3 0/im 2 ) % *o¥*9tt«&t«BR**it>fc. 0 
*:<Oi£A* mt&M 1-20 -CttV*Stt« 5 0 n m- 3 0 
Onm^TiC, ?i CN, NbC, NbCN. .A1N 

#*if&£*Xfco 

[0 0 2 8] fr^, mmm<nm$:ktt&W<ni&§:t\^ 
* TI2^(*^>^ 1 - 3 3ri§ lt§^ilf:^i:o 
&«x«xtt9!-r&. S» l — 3 -CttH l f^titt*) 
9»*KIM11 «r*ix-e<x«v^ 0 :ofrt>*?I^ 

3rtJi:iRjrtSix. *isi i te'-w^<yz\zmj£isth, 
rtHl 2tt[5jev'-r7 h4(c«^^ixT^5o HHSf 

*M»l l fcWJE^flMjWMffSixSJ: 5(c4ot^Oc 
[0 0 2 9] ✓> $ *J\s# 3 ftiCttMttttttfelfilK 2 1 {d 

^rtjftr«:tHt**six5J:5iw<coT^s. m*tm&2 

5 ott^lHlSg 2 l ttttflf 2 0 miiS U ttW 2 0 ttflflt 
0lwtt*»EIK2 7*r*UTim»»8*s«B»5 c c <DWl 

[0 0 3 0] fc*3, w COlt^lHJK 27^ LTttSH 9 * 

HAL, «3*i-5J:5JwUTtJ:i\ ftftlHl8 2 llill 
TffiWfrbMlZffimft2 2, tK>'^ b 2 3, 7-f;^2 4 
a, 2 4 bsMRttfeixT^S. Sfc* /^'^3RU5 
ffiD±ffla5 2 5(i^-T W<2lCtoTSltlH^iX, 
'< 2 J^SPT Lfc*#J<Z)iB»» 8 ^[pjiR[DiK 2 6 L 
TiS«2 0KiElifc£*x5«£ 5i:ftotv^ 0 
[0 0 3 1 ] r<JDJ:5*K-t>*>ffl**Klfe«tt. 
»Aft# fc tE# 9 ftlX#*J (NSKt^ /US^ - 
t/l^No. 655, pl7-24 s 1993 ^F) {IfSSc 

3*»*?fi«i: LTfiF r=9 0 0 kgf^ KRdie 
2&f23 9 0 0 r pm&. PrifcJi: Itli^-t'yiVG 

6 b mm Lit. 

(S»l) jHfelTNl, ^TS^igi:LtHv7 3 
0.' 0 0 5 g£P?t$ l 11 y ttgm 



(5) 1 1 -8 0 8 9 7 

*fcf*^tt** i oil-f off of- 0 -X«::»»0>#T©ffl 

5 f&tf) 2 0 0 ftBB £ Ufc e 
[0 0 3 2] fcio, ^&ll;i;fc^Tttrtl&^£f?ffiL 
fc 0 rtdOMBSlln !)x/UC^^-^ (HR 
C) f 6 0-6 6, Si^-^rt^ h§d:5 — 20 
JO %, «LiSS®ffiStt0. 0 1-0. 03^mRaa 

m^hrc 59 — 63. ftttxB&sttXHes 

£0. 01—0. 0 3MmRa, 
0. 0 0 3—0. OlO^mRaHt 
[0 0 3 3] ^2 Xt/EI 2 1 * 2 

iw(l#fttifeTiC, TiCN, NbC, NbCN, Al 
NO¥*&&m (nm) , *NMftX»-JK L10#N& (W 
M) ttfl^ f*< D^*«fc*:h,«x;^l,fc. H2fi, 
20 «tt^#fai»T i C, TiCN, NbC, NbCN, A 
1 NO¥«&*fc« (nm) ££9. MttfwLlO** « 
WJ) Sr^oT> Hftffill — 2 ORtWfctfcM 1 ~~ 1 5lwO 

[0 0 3 4] rtlb^e>JI*W 1-20 tt«t©T i K 
*bW. T i mmfcto<n¥mil&iifl 5 0 nm^t> 3 0 0 n 
mffc5, s/t, (*g*#Ll0fii--<TK-**A^3fS 
O 1 5 OW;it^oti3!3 , ttmmi — 1 5 tJt^< 
WMrittofc. #»-s WS«4. 7, 12, 13, l 

30 4 1 4 #^L± t /cC 19 s ^®^! StHR 

C6 4^±«ir^ , 9. $6S^L10-T^T2 0 0*BBK± 

[0 0 3 5 ] ^/c, fcfc««l — 1 5i:d3^TttSML 

tbtfcMl 2 — 1 5"e*i5 0 nm*SS£>T i C, TiC 
N, NbC, NbCN, A1N^»LTI^ % USA 

ift±t»«>6ix-r, ->irr3tc£E«*s(fcatiBfr4i:^r< 

fc 0 ^iX^TiC, TiCN, NbC, NbCN, Al 

J;ot, ffitt^-«5tta3&S5 o — 3 O 0 nmirift/h 

M (11. 9#^±) Lft^fc«*iLT, «»♦ 
1 4 e> tefr^tz t «bix5 0 
50 [0 0 3 6 ] *fc> ^Oflfe^ttRWl — l lttTi, N 



-5- 



9 

b, A 1 <D&&m%X-ti:< . ^Wf^tidUSOnm 

[0 0 3 7] ft**, El2j)*b*Mbfate£ 0 ^tftffi 

1 5) T-|1&§<OL10#^1 3 — 6 8^^<hMv^^ 
^flr 5 0 — 3 0 0 n m<Z)gS(^ 

.feWl -2 0) T-til4§OL 10^^*5 1 5 0-2 0 0^ 

(H»2) *»2tt, S^^iAl^^Wi (V G 6 

8) <Dfr<Dt v —isfflmTizxtfofco &wmtum«\ 

SI»2»wi3^Trt:, t&SiUX, * l ^*1S« l , 
13, 17^tfctS«l. 7, 14 0{t^^«Srti 
fc^Mtfcfflv\ ^ife*o^ii^ol6S:^2S (i*su 

J 2) fcJB^fc. l*Rtt#* 1 OifofTo/io 

XKDttr+SrU 7i/-^y^S:»BLfc, Kmfrtffl 
■ 5«F(Bttl 0 0 OSBt Lfco 
[0 0 3 8] I3l:Ii2WgM^to 
*^«i:pt-, H3S«lT-ttLlO#**5 9 9 IKK (?*> 
2/1 OrtHtt< t>) ifctK St*«l 3-C*±LlO»* 
^lOOONfW (?*>l/l 0F^^fi< 5) j&;t5to JE 

\z. % nzmisxm 5 o o^mttt)H< 

[0 0 3 9] wtU»cStL-CJt«WlT-«LlO»*^3 8 
2B#fB (5*>5/l Ort<ttt< 5) -CfctU Jt««7T- 
ttLlOSWfr#4 15^1 (5%5/l OrtHfi< 19) T 

]E^H:*t«i 4-ettLio**j6S6 i l-wnu 

3/iortHli<9) Tfcofcc 1 
3, 17XtfJttt«l, 7, 14H4 0 0W:tK 
R**KU l*S*Latlfc*'fc*rnJB3!rrt)^«*L, 

(%|*3) XK3(t, 01(w^i-^g^aH*3^TWSl 

0^«»tt8^«»fc#itS** :^:e^U-^^ 
»AUftK»i U $^{-E^y-^^^7Kl%^^ 
A£ii:X:^v'-/M;LX£ r y — xMfr&®5%\ MWi&ff 

^4 7. 3cSt (4 Or) , 7. 9cSt (10 
Ot) ) Iwif^ i LT!) urfcE-frU jBSi^J: 

9^ (2 5t ( 6 0W) ?:2 5 0l:, fflsfPS£« (2 5 
t, 10 5 W) ^3 6 4^ KjtffiSff (99t, 10 
O^W) SrO. 0 2 5MPaC, Mitt A (9 9t, 2 4 
B»IB) 4:0. 3%!^, ^S4r (9 9t, 2 2^1) £ 
0. 3 4%H N JS,££2 6 O'CEJLti::* TKSciiiTKS (7 

9t iB*n) *2%\zwmzti* mmm-& uoo 

•C, 2 4^Pa1) Ui**L:fcfc0>*rl^5. 
[0 0 4 0] ^<oBR, KMl«<0ft«fc±»*s*»S:h, 



(6) Zfffi^l 1 -8 0 8 9 7 

U 7 0 — 8 OtUtfTo 7t 0 KR$I t 5tR 

(SS:S#at*»Rffirfi • Be«l4S» 1 £: l"}-X-£>5 0 
3^*5^X11, ttSiLX. Sio»6« 
1 , 13, 17^ tt&m 1 , 7 , 14 <D<t^I&ft<D$&g: 

SUJ 2) ^^V^fc e 1 0<l-f-OtTO 

70 i^*T^3) 9 B#f^tt 5 0 0 t LTU 

[0 0 4 1 ] ^4l-llR3CDig;i:£^-ro wiX^bWb 

jtHB«|l XJ4Ll05f**s 5 3 8WH 
4©rtH. 4fl^lfe. W8/10IK5) ««■ 
«1 3XfiLl0fNrr#5 6 9B#W (5*>3<lrtfB. 3<i 
*Mt. ft 6/1 Of* < 9) S &fc«S«l 7X 

ttLl0fWlr^6 2 4«PIB (5*>3firt«u 3®*M§, ft 
6/1 0(2 < 9) kte-otZo 

[0 0 4 2] ctnc#uxtt:*«i"ettLio»**i 8 

6^(B (^t>5^^^. 5®^tt, ItlO/lOfifti 
20 <*)) Xfc9, tttt«7XttLlO»*^i 9 3«fBB (5 
ib5<©ft$£u 5^^$i. Xfc 
t). Et£JttR0Jl 4X«iLlO#A*S2 O SffiffB (9^5 
Ofttt, Sffl^li, ff 1 0/1 0rt»*4< 9) Xfco 

fee 

[0 0 4 3] $MU, 13, 1 7 tC*5^X^S8iS^ 
^ftill. 9#. 15. IS, 1 2? 8#X-foo^t 
OtC^LX. MRMl, 7, 14XttTiC, TiC 
N, NbC, NbCN, AIN^MU^^ ^ 
Xje*««* SJ e*t^8. 7S, 8. 6t, 9. 5#X 

[0044] w J: 9 li, rtu^^jMEMX^tta^^sp 
i^I^^ 5 0 — 3 0 0 n m<DT i ^{b^l. T i KSfl^fc 

y ->'^PlmT^-^v^T. tese^tb^x^iB^iB*^** 

[0 0 4 5] *ftATi:*5^tt, JHIWBftLfc 

»*8#Bl:***h5y^tfc!l, *^TiC, Ti 
CNfc^^liNbC, NbCN, A 1 N#** h 7 y ^ 

ix*tf) 4riiJiS*Swtd s X-S5o 
50 [0 0 4 6] **3, *5lwjeSSfiS* (N) i¥*SiS 



(7) 1 1 - 8 0 8 9 7 

77 12 

ra3H£«l:JB^fcOT*ti:* MSM^>a«IRtta«:m\ [0 0 4 7] 







C 


1 Si 


Mn 


Or 


Ti 


Nb 


Al 


H 


TiC, TiCN, NbC, N 
bCISI, AIM(nm) 


tic 
CD 

m 


1 


0.99 


0.24 


0.34 


1.33 


0.05 


- • 


[ 


O.00B2 


51 


2 


0.8 B 


0.00 


0.54 


2.00 


0.25 


- 


- 


0.0095 


7fi 


3 


1.00 


0.28 


0.21 


0.95 


0.15 




- 


0.0012 


69 


A 
*1 


■0.78 


0.68 


1.05 


0.35 


0.4O 


- 


- 


0.0095 


125 


C 

9 


0.80 


0.22 


0.44 


0.15 




0.12 


- 


0.0063 


71 


D 


U.oO 


0.1 2 


0.33 


138 




0.31 




0.0025 


95 


7 


i r ft 

I.I D 


0.34 


0.25 


153 




0:40 


— 


0.0034 


156 


Q 




ft ftC 


1.38 


036 




0.05 


— 


OD039 


53 


n 

V 


V. fu 


ft In 

0. /u 


0.44 


1.56 




- 


005 


0.0013 


GO 


i n 
1 u 


n on 


0.32 


0.41 


0.B9 




- 


0.14 


0.0022 


OS 


1 1 


0.05 


0.26 


1.50 


1.15 




- 


02B 


0.0078 


102 


t 9 


!.20 


0.49 


0.22 


1.05 


- 


■ 


0.4 0 


0.0088 


178 


1 J 


0.G5 


0.09 


0.38 


0.B7 


0.05 


0.19 




0.0026 


1S5 


1 4 


O.D7 


0.33 


0.27 


1.47 


0.28 


0.08 


- 


0.004 1 


163 


1 5 


0.72 


0.65 


0.35 


1.32 


- 


0.22 


0.15 


0.0024 


214 


16 


1.17 


0.19 


0.47 


0.22 


- 


0.38 


0.06 


0.0087 


236 


1 7 


0.79 


0.22 


0.25 


1.57 


0.35 


- 


0.1 1 


0.0066 


256 


16 


D.CG 


0.25 


0.13 


1.91 


0.07 


- 


0.23 


0.0041 


198 


IS 


0.98 


0.32 


1.43 


r .36 


0 16 


0.15 


0.33 


0.0025 


284 


20 


0.76 


0.15 


0.44 


0.55 


0.29 


0.06 


0.14 


0.0055 


297 


it 




. 1.05 


0.35 


0.29 


1.45 








0.00S3 


0 


2 


0.67 


0.25 


0.45 


3.51 




0.10 


0.03 


0.0133 


67B 


3 


0.77 


0.19 


0.27 


V2 




0.01 




0.0153 


498 




4 


0.16 


0.34 


0.55 


o.o r 


0.30 




0.02 


0.0082 


591 


W 


5 


0.16 


0.33 


O.50 


0.61 


0.02 


0.03 


0.02 


0X023 


530 




C 


1.19 


0.44 


0.31 


1.11 


0.03 






O.0O19 


509 


W 


7 


0.C8 


0.41 


0.57 


0.80 




.... 




0.0025 


492 




B 


0.96 


0.23 


D.38 


1.40 






0.03 


0.0021 


486 




0 


0.9* 


0.77 


0.33 


0.95 


o.?i 






O.OOflD 


567 




10 


1.05 


0.65 


0.72 


U3 








0.00GB 


571 




1 1 


1.22 


0.33 


0.56 


0.3C 








0.0079 


552 




12 


0.6 B 


0.28 


1.05 


1.12 


0.15 






0.0O6S 


12 




13 


0.77 


0.29 


0.25 


0.09 




0.24 




0.O053 


34 




1*1 


0.BO 


0.10 


0.44 


0.95 






0.34 


0.0042 


26 




15 


0.93 


0.27 


0.30 


1.59 


0.15 


0.05 


0.1 1 


0.O0B2 


IB 



[0 0 4 8] 



1*2] 



(8) 1 1 - 8 0 8 9 7 



13 ^ 







TiC. TiCN. Nb 
C. NbCN. AiN 




L1 0 (hr) 


Lima* fie 
i3»\v Wit? as 




1 


51 


11.9 


151 






2 


78 


12.8 


1B3 






3 


69 


12.3 


159 






4 


125 


14.3 


200 






5 


71 


12.5 


162 


7XiORKrf*<y 




6 


95 


12.7 


169 


7/iowisr;i:<y 




7 


156 


14.6 


200 






6 


53 


12.0 


163 


7/10rtttft<U 




9 


60 


12.4 


165 


6/l0l*t&tt:<y 




10 


88 


13.0 


174 






11 


102 


13.5 


187 






12 


178 


14.2 


200 






13 


155 


15.1 


200 






14 


163 


14.7 


200 






15 


214 


13.4 


182 






16 


236 


13.0 


J75 






17 


256 


12.8 


171 






IB 


198 


13.5 


180 


a^iowiificy 




19 


284 


12.1 


161 






20 


237 


11.9 


158 






1 


0 


8.7 


13 






2 


678 


10.5 


59 




fct 


a 


498 


10.1 


50 


io/iort««:<y 




4 


591 


7.3 


19 


lo/iowarKM 




5 


538 


7.0 


18 






6 


509 


83 


23 






7 


492 


8.6 


25 






8 


486 


B.O 


21 


io/ioi*jtoi*< L J 




9 


567 


10.2 


26 






10 


571 


9.8 


31 






11 


552 


10.1 


28 






12 


12 ] 


5.3 


60 


io/ioi*i«n*<y 




13 


34 


9.8 


68 






14 


26 


9.5 


65 






)5 | 


IB 


9.0 


S3 1 


7 0/10^ttfi<lJ 



[0 0 4 9] [it 3] 



1 


TiC. TiCN. NbC, N 
taCN. AIN <nm) 




L10<hr) 
93) 


a/-iowtaii<v 




51 

IS5 • 


11J9 
15.1 


1000 
1500 


i/ioi*HSi3:<y 1 




12.B 








0 


8.7 


382 


s/ioi*mb:<«j 




492 


8.6 
9.5 


415 
611 






1 26 

1 









[0 0 5 0] [^4] 





TiC. TiCN. NbC, N 
bCN. AIN (nm) 




L10 
(h r) 






51 


1IJ9 ■■ 


53B 




E-ir^' EVJ 


1S5 
256 


15.1 ] 

12 « 














0 


8.7 


186 






492 


B.6 


193 






26 


9.5 


205 







/j m> 


7 


31 


6 


22 


9 


16 


10 


11 


11 


7.8 


12 


5.5 


13 


3.9 


14 


2.8 


15 


1.9 



50 [0 0 5 2] 



(9) 



1-8 0 8 9 7 



15 

[J8ffl£>3&*] &&miZ£tl&. Ti, Nb, A 1 
V>t<^oll^0. 0 5 — 0. 40%^Dt6Ci: 
(let?). «liIltaffi*6W-« + Jw3F*ttai5 0nin-- 
3 0 0 n m(DT i SMfctt • mmit®), N b 0Mfc;«) ■ isg 
ffcfc* A 1 mem* 1 flUff* 3 v m 2 t U f£?i<£> 1 0 
ttV (30^ 2 ) frtzV 5 0fi£iL±«:aaic5>»Wffi 

S«ct#T#, Mtt«»*-eii. 9*SLbttti 

[0 0 5 3] »L^*§i::£S££CfcS^T- 

[0 0 5 4] TKftATIwjo^T^, fMl&IMtt 

JHF-HJwh^sx^S-frfcD, ^fcTiC, T i CNfo5 
IMiNbC, NbCN, A 1 N**** h 9 y ^+-f b t 



16 



10 



<»?{-<< U Sfc, t§offi**g2gJgW7k*«££i£ 

[@2] «U«^yJSaSfcL10»AioBB«S:^i-» 
[fr^EEE] . 

l-^ffefflSMrtWW. 2 3-^*v^ 

7K ll-m 12-rt 

(§, 13-6ll» (#— AO s 2 0-m 2 l-M 
a&**&{Ejgg, 2 2-**Ih 2 2 4 a, 2 

4b-:7^A*, 2 5-ttttta», 2*. : 6-EliR!gB, 2 



[Ell ] 



[H2l 




[(-26 22 23 24a 24b 




0 50 00 200 300 400 500 600 700 800 
TlC,NbCN,AIN *FiSJ2g(nm] 



-9- 



l^ffB] W-l&l 5*FlM 2 9 B (2 0 0 3. 1. 2 9) 

[^BflS*] 1 1 -8 0 8 9 7 

[MB] Mll£3^ 2 6 0 (1 9 9 9. 3. 2 6) 

[^»*»] ^BMWH**&1 1-809 

[fcfclP#-§-] #I?9- 2 3 9 6 4 2 

C22C 38/00 301 

38/28 
F16C 33/32 

33/62 

[F I ] 

C22C 38/00 301 Z 

38/28 
F16C 33/32 

33/62 

Itiktti 0 ] ¥-$L 14^10^280 (2 0 0 2. 1 0. 
2 8) 

[ffilEj*)^] 

= 0. 65 — 1. 20%, S i=0. 05 — 0. 70 
%, Mn = 0. 2—1, 5%, Cr=0, 15-2. 0 
%, N^O. 0 l%ltW^^Bjaitt^#B«5c»4:**i- 
Ti, Nb, Alo5V>4<itiSfc 
0. 0 5-0. 4 0%t^ ^tg^SOnm 
-3 0 0 nmOTiRftft, TiRlftft, N b SWfc 
fe, Nb tfiSfcfe* A 1 WMto<r> o ^><o^ti <Hlo 

[»**2] umbt i mtm - mmtvo. n b 

• wMAWto^ a i WkMtm 2 %<2<£te < t 1 oa ; 3 o 

»^lo^!)i^ 
[»3fcJ£3] ggjgjjg^gj^^rj^r hat: 2 0 

[»#5U] IHBi5<08ftttg*^ll. 9#£L 
±T-fc5»3ftg 1 7!;g 3 g ^Oj^£ix^ 1 JgirfSgt^ 



[«HHKE2] 

[ffilE^^g^] 0 0 17 
[SuEf*)^] 

[0017] KCTiC, T i CN, NbC, NbC 

5 0nm*ffi^i:il fy-y^MirlT^ 

6» ttttflW »jjl 1. 9#^± «2^»4) -cfe 

I^BMUjE 3 ] 
[4ijE#*M«] Ma* 

[4fiiE*i*«g£] 0 0 2 2 

[ 0 0 2 2] £tbl^ 3P«eS5 0nxn~3 0 0 niDtD 

t i • m.mk®. Nb^» • mmcm, a i s 

fMfefi. 3 0/im 2 (3^m 2 xiOftffi £>fc 9 l£ 5 

t-^ft^h§(j:20%^ #£U<te5-2 0% 

[«RMjE4] 
[«jE**&*Jlt£] P^*ffl§ 
MftjE&&3lg«] 0 0 2 4 



HHjE*ft] £H 
[*§jEf*9?r] 

[0 0 2 4] jtlfi«atftt;««05MrW»icBSL. MS 

y ^ ^ll^CtiA^^ro/"" fe. 1 1 5 0-1 3 50t(7)i 
g«^ftHRUT »flcfl:fe3g fei6 Lfc. t^t, 8 5 0- 

9 5 otoiw«tlift b Lt*:4i^fldMti 

t, TiC, TiCNfcSWNbC, NbCN, A) 
[DEMIES] 

[«iEtt&*g£] n»« 

[«jE»*3BS*] 0 0 5 2 



[ffijEftS] 
[0 0 5 2] 

[36W<a»*] **WlCj:tbtf, Ti, Nb. Al<09 
V>4<tt)ll*r0. 0 5-0. 40%»toCi: 

3 0 0 n m<DT i Kfc4fe ■ N b gtffctt ■ ME 

JMfe . A 1 1 3 ^ m z £ U l 0 

. (3 0/xm 2 ) fcfcD 5 oea±«r«tt»w^«Wffi 



-2- 



